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water. I n  Lake Erie the ice fields 
cover the western and eastern portions, but these fielcls are not 
heavy or extensive. I n  Lalie Ontario the ice fielcls have not 
been visible to any extent during the winter. Many harbors 
are reported open on all the lakes. 

I n  comparison with the same period last season there is 
much less ice reported in all of the lakes. At the Straits of 
Mackinac the same conditions prevail as last season escept 
that the ice fields are not as extensive in Lalie 3lichigan. 

STUDIES ON THE VORTICES IN THE ATMOSPHERE OF 
THE EAF&TH. 

The Detroit River is open. 

- 

By Prof. FRANK 11. B ~ c i ~ ~ m v .  Dated W;r*hiiigton, D. C., JInrch 16. 190s. 

VI.-THE AHTMItfETBIC LAND CYCLONE AND ITS SYSTEM OF 
VORTES LINES. THE CONCAVE DUME-BELL-SHAPED 
VORTES. 

TEE YETEOROLOI+ICAL DATA. 

It is necessary to construct a typical composite vortex, re- 
duced to circular isobars, for the discussion of the systeni of 
vortex lines which will produce the circulation observed in 
the land cyclones of the United Mates. For this purpose the 
data for the nine typical cyclones in the accompanying list have 
been brought together, and their comiiion properties united 
in the following manner. The cyclones are those of March 
16, 1876: March 27, 18HO; April 18, 1880; January 12, 1P90; 
December 3, 1891; November 17, 1593; April 30, 1S93; Jma- 
nry 25, 1895; November 22, 1YOX. These were selected as 
having the center located near the niiddle Ohio Valley, a i d  
being approximately of the same dimensions. This insures 
the temperature distribution having a simple type, the wariii 
air flowing from the south and the cold air from the north, 
while the normal isotherms are nearly parallel to the east and 
west lines. At the same time the isobars are nearly circular 
or broadly elliptical, and the wind vectors are but little dis- 
torted by local conditions, so that the composite cyclone will 
be a fair example for study. 

Thr radii m.-The construction of tlie isobar system is 
chiefly concerned with determining the proper spacing of tlie 
successive isobaric circles, and the treatment is illustrated by 
the cyclone of March 16, 1876. The diameter of every isobar 
was measured in millimeters in the northwest to southeast and 
the southwest to northeast directions, and the sum divided by 
four is the mean radius m. The successive differences -In for 
every tenth of an inch mere found, and the ineau taken for the 
nine selected cyclones. 

TABLE 75.-The nt~nn i.arlit m una rliffwcnces A m  for f l i t ,  cp-lime, 
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Table 75 contains the measured diameters in two directioiis 
at right angles to each other, toward the northwest and 

northeast respectively, the suiii, the mean radius m, and the 
differences J m  for the cyclone, March 16, 157G. Table 7ti 
contains the values of Jm for nine cyclones, similarly located 
and developed, the mean Ja aud the adjusted Jm found by a 
graphical construction. Table 'i'i gives the adopted value of 
the radius for each tenth-inch of pressure, assuiuing m = 
140.5 millimeters for the isobar 30.00 inches. These are re- 
duced by interpolation for eyer-y 5 niillimeters of pressure 
from 760 millimeters to 735 millimeters. Then are given the 
log rn aud log p = log m,, - log q, r , ,  and finally m in meters, 
taking 1 millimeter on tlie Weather Surean Map equivalent to 
10,000 meters on the surface of the ground in the United 
States. It will be carefully observed that the values of log 11 
instead of being constaut, as in the tornado, hurricane, and in 
a part of the ocean cyclone, are progressive from 0.10791 to 
0.43573, and this proves that the lntitl c.!lr.ln)ie has drpnrted wri- 
f i t w h y  fnwi  the p q f v d  drtrirb-lwll rwte.r t!ypc/. which was found to 
be applicable to the other vortices in the atmosphere. 

TABLE 7 f i . - T h ~  inefln und n$junted A m  from the nine selected cyclowx. 
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Tlir wiircl rthci t iw,  ariyltBs, arid thtz trmpwaf iires.-The discus- 
sion of the w i d  velocities, the angle i that the wind vector 
innlies with the tangent to the isobars, and the temperatures, 
has been carried on in the same way for these three quanti- 
ties. Froin the center twelve radii were drawn across the 
isobars 30.00 to 89.00 inches, the radii being located as follows: 

1. s. 4. E. 7. N. 10. w. 
2. S. 30OE. 5. E. 30ON. 8. N. 3OoW. 11. TI'. 30° S. 
3. 8. GOO E. 6. E. 60' N. 9. N. 60' W. 13. W. GOo S. 
A t  the intersection of these radii with the isobars the wind 

velocity was scaled from the data on the manuscript chart and 
collected in Table 78, the angle i in Table 79, aud the temper- 
ature f in Table 80. Esamples of these data are given for 
the cyclone of March 16, 1876. The nest step was to collect 
the same elements together a t  each point for the nine cy- 
cloues, and take out the mean values. 
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the points. The values which appear in Table 81 are jhus 
somewhat smoothed, but no essential differences occur. The 
slope and the curvature of these lines form a subject of much 
interest and they ore very instructive. 
T.~BLE 81. -The nicnir ioiitd velociliea, angle i, and tenip~rt i lurt~ clerir*ed.fronr 

irinr typical cyclones ce~r t rd  war  the Ohio Valley. 
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The negative sign for tlie augle i iueans that the vectors are 

directed inward relntive to the isolmrs, or ill other words tlie 
radial velocity lias the negatire sign, - 1 1 .  

In  Table 81 the data for the nine selectecl cyclones are given 
for a mean or composite qclone. The data were estractecl 
froin the original charts, as in Tables 78, 79. aut1 SO. and the 
ineans taken a t  each point of iutersection of the raclii ancl the 
isobars. The variations of the elements can be readily studied 
by inspection. 111 Table 81, I, the menu wiiicl velocity for each 
isobar is taken, this giving clata for a uniform or perfect cy- 
clone from which all the irregularities of the circulation have 
been eliminatecl. These have been transforiiiecl into velocities 
in meters per second by tlie factor 0.447. In Table 8 l , I I ,  the 
interior angle --i is seen to rary considerably froin point to 
point, but the inean values for each isobar are taken. and they 
prore to be nearly constant, about 44O, except on the inner 
isobar, where it diminishes to doo. If the cyclone were a true 
dumb-bell vortex, it wonld be easy to construct the entire sys- 
tem from these clata, assuming the height of the plane to be 
taken as the asymptote. It will not, however, be profitable to 
proceed on this supposition. ancl --i the 
corresponding velocities - I I  (raclial) and + t )  (tangential) have 
been computed. Finally, these values were interpolatecl for 
the corresponding isobars. 7G0, 755, 760, 745, 740, 735 milli- 
meters, and the discussion will be generally transfornied into 
the metric system. In Table 81, 111, the temperatures in cle- 
grees Fahrenheit are collected together, and they rauge from 
1 1 . 3 O  F. to 70.7O F. I n  all cases of the velocity, angle, anel 
temperature, the points corresponding with the first collection 
of the data were plotted and average cumes were drawn thru 
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We nest interpolated all the values of q, -i, and t in the 
Ehglisli system to the corresponding values in the metric sys- 
tem, ancl plotted them on diagrams constructed from the iso- 
bar distances given in Table 77. 

-- -- 
I 

B. I c s l  
, -- . . - 
I 

These diagraim are not reproduced. Returning to the 
original charts of the nine selected cyclones, the mean tem- 
peratures in a north-and-south line thru the central region 
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mere carefully computed, giving the adopted mean values of 
the temperature in latitude for this region, the normal iso- 
bars running nearly east and west in this part of the United 
States. 

TABLE 82.-Mean tettippcmturee thru the wntcr j i v m  north to eouth. 
- .  
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These temperatures were carefully compiled from point to 
point in latitude, and embrace the set of temperatures in 
longitude covered by the cyclone. so that they become the 
normals for this group of cyclones from which the variations 
are to be computed. The temperatures in Table 81, 111, were 
turned into centigrade degrees, and then they mere iuterpo- 
lated from the syateiii of isobars in inches to the adopted sys- 
tem of isobzrs in millimeters. From these, on the respective 
parallels, the normal temperature is to be subtracted to obtain 
the temperature residuals or variations which distinguish a 
cyclone from the temperatures belonging to the same area, 
if  it were undisturbed by any Incal circulations. 
TADLE 83.- The Ivarialiotiof teinpwatnre (0171, w'nd iqelority tn 181 I..), tcnd Ihe 

angle -i in  a n i w t r  cyrloiie of thr United Slaten. 
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The data of Table 83 are transferred to fig. 18, which pre- 
sents a circular cyclone equivalent to those selected on the 
charts. Lines are drawn thru the points of equal temperature 
disturbances. The 0 disturbmice i s  m i  n line ,ienrly north and 

routlr thtw the t v t i t w ,  the pzatrxt cold is oti the southwest edglr qf 
tlw 7 0 )  istlfmr n m l  tAr warrwst awa rooem the southead quadrant. 
On comparing fig. 18 with MONTHLY WEATHER REVIEW, Febru- 
ary, 1906,34, figs. 5 to 10, i t  is seen that they are in harmony. 
It is evident that similar careful computations of the tempera- 
ture distributions should be inade on every 1,000-meter level, 
anil i t  is inferred that the asymmetrical arrangement found 
in the disciission of 190G will be substantially confirmed in all 
the levels, tho of course the details will be greatly improved. 
The concentration of the cold area in the cyclone is more pro- 
nouuceil than is that of the warin area, which is spread quite 
uniformly over tlie eastern sectors, but there is no tendency 
for one system to intride upon the other, and the evidence is 
decisive that there is no warm-centered cyclone in the lower 
levels of the United States. 

The wind vectors call for no special comment escept that in 
the process of composition, whereby the elongated or ellipti- 
cal isobars are rendered circular, the two independent streams 
of warm arid cold air, respectively, are obscured except for the 
cold and warm areas that have been described. I n  the indi- 
vidual cyclones it is easy to see that the cold current tends to 
underrun the warui currents. and this is shown in part by the 
fnct that the vectors of the coId current are nearly at  right 
angles to the vectors of the warm current in the south to south- 
east qiindrant. This same condition is also shown in the north- 
ern quadrant where the warm current tencls to overrun the 
cold current, tho this is more confused by the interaction with 
the eastwnrcl drift anil the composition of forces takiug effect 
over the barometric "saddle " in thatregion. I n  the southern 
quadrant the motions of the cyclone and the eastward drift are 
geiierally in about the same direction, northeastward for both 
currents, while in the northern quadrant they are counter 
directecl and tlie relative changes in direction are pronounced. 

Tlie campaign cluring the international cloud year 1896-97 
was conducted on the part of the Weather Bureau with the 
q>ecial object of cleteriiiining as accurately as possible the 
mdial ( M,) and tangential ( 1 7 ~ )  components of the velocity in 
cyclones and anticyclones proper, as distinguished from the 
niericlional ( ul) aucl the longitudinal (til) components of the 
velocity due to the circulation in the general vortes of the 
hemisphere taken by itself. A very large number of observa- 
tious were availalile, more than 6,000, aucl special care was 
taken to separate these components as thoroly as possible. It 
is evident that the data employed were derived from all sorts 
of circulations, such as occurred in that year, and that i t  would 
not have been possible to sort it out in such a way as to sepa- 
rate that belonging to strtwg/y cleveloped cyclones and that 
pertaining to an aimless form of the circulation. It is evident 
that our coniputations should properly be limited to include 
only firmly formecl cyclonic circulations, i f  it were possible to 
do so. On this account the derived components (u2 ul)  are 
not very reliable as to details in all the levels, and they need 
to lie supplemented by numerous observations extending over 
iuaiiy years. The cliscussiou of the Weather Bureau data can 
be found in Chapters ti and 7 of the Cloud Report, and some 
furtherremarks upon its significance occur in Chapter 11. Our 
special concern at  this time is with the summary of the data 
in Table 126, page 656, which mill be the basis of the follom- 
ing considerations. 

It will be noted that we are dealing with the same system 
of radial distribution, as may be seen by comparing Table 77 
of this paper with the radial distances I ,  11, 111, of the Cloud 
Report, Table 126. 

Table 1.26. Tabk 77. 
111. 1350000 7GO 1250000 
11. 750000 750 733000 
I. 250000 740 300000 

It is evident that by plotting the three points given in 

THE CONPIINENT YEI.OCITIBX IN THE HIUHER LEVELS. 
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S 
FIQ. 18.-Land cyclone having circular isobars equivalent to the elongated oyclone of the United States, with the temperature 

distribution and the wind vectors, the center being located in the Ohio Valley. Compare the weather map, March 6, 1908. 

Cloud Report, Table 126, for the iia and ua components on each 
level there will be no difficulty in constructing diagrams which 
determine approximately the average values of these coinpo- 
nents in a normal system. Attention has been paid to placing 
the values of ti, v, from Table 81,11, at  the basis of this cyclonic 
system and enlarging the values 11, v, derived from the dia- 
grams because they are doubtless smaller than should prevail 
in highly-developed vortices, as already explained. It has 
been found necessary to rectify the v component only a little 
in the several levels. The it component is much more difficult 
to secure from direct observations, and it is less reliable, so 
that the modifications are greater. What are supposed to be 
the most probable values of the u components have been ex- 

8-2 

tracted from the diagrams for use in the following oomputa- 
tions. Table 84, I and 11, contain these adopted values of the 
11 component and u component corresponding with the lines 
coinmencing on the 5-millimeter-space(~neter-spacecl isobars of 760 to 735. 
It was stated in the Cloud Report that the values of us, t i r ,  

there deduced were in the proper form for use in the equa- 
tions of motion. It has been already pointed out that the us 
component in the upper levels is of the same sign as in the 
lower levels, thus differing from the usual supposition made 
regarding this component which assumes that the radial com- 
ponent in the .high strata should be directed outwards, as is 
common in the dumb-bell-shaped vortex. 
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- 1.0 

- 2 . i  

- 4 . 0  

TABLE 84.-!l'l~ obeerved radial ( u )  and tangential ( u )  eomponente of the 
velocity derived from Table 1% of tk CltJUd Report. 

I. i c T H E  OBSERVED RADIAL VELOCITIES. 
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levels, most vigorous at  the surface, least at  the 8,000-meter 
level and passing thru another maximum at the 7,000-meter 
level. The values of az = 90' - i go thru the counterpart 
values. 

TABLE 85.-TTke m p t t t e d  valuea of aA. 
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The unit=0.00000001=1 x lo* 
THE COMPUTED VORTEX LINER a9. 

I n  order to obtain further information regarding the struc- 
ture of this cyclonic circulation, we derive from the formulas 
of the dumb-bell-shaped vortex, 

( & A = - - - =  - - - .  
m sin Q Z  m cosaz 

We can proceed to compute the velocitiesfrom the terms R, A, 
rn, and az, if these are known, or we can compute ad from 17, 

1 1 ,  m, and uz, i f  these are availabla In  Tables 77 and 64 all 
the latter data are to be found, and from them the values of 
a d  are computed. This work has been performed and the re- 
sults are given in Table 85. It does not appear from the values 
of as in Table 8 I, 111, that n can be taken out as a constant, 
so no attempt is made to separate the terms in aA. The max- 
ima in the middle levels occur higher up in the outer than they 
do in the inner parts, and the values of a d  are very much 
greater near the axis. If these values of aA are plotted on a 
diagram and lines are drawn thru the equal values of aA, 
taking as the initial values those occurring at, the surface on 
the adopted lines (l) ,  (8), (3), (A), (5 ) ,  (G) ,  we shall have a sys- 
tem like that in fig. 19. This is a remarkably suggestive 
structure and will require much careful consideration. The 
curvature is concave toward the axis, instead of convex as in 
the hurricane and tornado, the lines are crowded together in 
the outer rather than in the inner parts of the vortex. In  
these respects the system is quite the reverse of the ordinary 
dumb-bell vortex andsuggests for the n -4 lines a current func- 
tion, 

+ = A m2 cos aa. 
rather than that adopted for the tornado, 

+ = d rnPsin m, 
both satisfying the differential equation (23). 

If fig. 19 is turned upside down and the axis is transferred 
to the right-hand side of the lines, the structure resembles a 
dumb-bell vortex. The concentration is at  a distance from 
the axis rather than near it, and the lines are farther apart a8 
the axis is approached in the observed cyclone. A t  the sur- 
face and up to 2,000 meters there is a small departure from 
the geometrical system, so that evidently the spacing of the 
lines as given by the isobar system on the weather charts is 
not in conformity on the outer lines (l), (2), to the remainder 

I!  - 11 

+ a . r j '  +1;.0j + a . n I  + l ; . 5 1  t i . ' )  
I 

~ 

111. THE COYPUTED ANGLE - i ,  T A N  (-;) = 7,''. 
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10,OOo 

9.@3fJ 

8, OOo 
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6, OOo 

4000 

4, 

3, ooo 
2,000 

1,000 

OOO 

65.3 

Table 84, I, contains the radial velocities, ?I., as derived from 
the cloud observations of 1596-97, Section 11, the correspond- 
ing tangential velocities 11, and Section 111, the angle --d, 
direction inward at all points. The vortical characteristics of 
the tangential velocities appear most distinctly on the 2,000 
to 4,000-meter levels, but it is very evident that these veloc- 
ities do not conform to the dumb-bell-shaped vortex in any 
satisfactory manner. This is also seen in the values of the 
angle -i, which beginat -45O at the surface, decrease to - 1 1 O  

a t  3,000 meters, rise to -25' a t  the 7,000-meter level and fall 
to -18O at the 10,000-meter level. The inward angle at the 
bottom of the vortex is not converted into an outward angle 
in the upper part of the vortex, but there is an inflow a t  all 
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of the structure. I f  we could imagine the cyclone to be sur- 
rounded by a cylinder, and the .icmll of the cyliticbr tu act ax a~ 
axis, then the computation would proceed as in the case of a 
central asis, so far as the spacing of these lines is concerned. 

Frct. 19.-The coniputed vortex lines nA of the asymmetric land cyclone. 

THE COXCAVE DUMB- BELL-SHAPED VORTEX. 
The preceding discussion of the vortes lines, which involved 

the computation of the product of two constants a -1, a being 
about 0.10 and d being a constant on each vortex line but 
having different values on the different lines, has resulted in 
a vortex system which suggests a convex dumb-bell-shaped 
vortex, where the lines are concave toward the asis instead of 
convex, as in the tornado and the hurricane. These two vor- 
tices satisfy the equations of motion as follows: 

Current function, += -4 in8 sin a3. = A m P  cos n:. 
Radial velocity, ti = - Barn cosaz. I I  = + .-lam sin a:. 
Tangential velocity, u = + Barn sin us. u = + A n n  cos nr. 
Vertical velocity, = + 2-4 sin az. io = + 2 6  cos a:. 

It is easy to trace out the relative differences by simply 
interpreting the trigonometrical signs. In  the concave vortex 
the radial velocity is zero for az = Oo, increases outward to 
az = 90°, and returns to zero for a: = Oo. The tangential 
velocity begins a t  a maximum for az = O0, decreases to zero for 
az = goo, and increases again to the maximum. The vertical 
velocity begins a t  a maximum for az = O0, decreases to zero 
for a? = 90°, and then increases to a maximum; u and 7 0  reverse 
direction at  az = 90'. Whether this is a possible vortex in the 
atmosphere is a question which does not need to be considered 
in this connection for the following reasons. II7hen one at- 
tempts to match the observed angles i of Talde 84 I11 with 
the lines of fig. 19, as was clone by some computations, it is 
readily seen that they do not in anywise agree in meeting the 
required conditions of the suggested concave vortex, and we 
must conclude that the suggested analogy is in fact fictitious 
and not very useful. 

What we actually have in the cyclone is a convex dumb-bell- 
shaped vortex disturbed from normal conditions, and distorted 
almost beyond recognition by two fundamental circumstances. 
The j h t  i s  thnt the teniperclture distrihition is entireI!y chotigrd. 
In the hurricane the tetnperatures are stratifed horizotitnlly, but i l l  

the cyclone they are separated uertically, the ruamn and cold masses 

Convex vortex. Cotw.a\e vorteu. 

lying side by side, and the utrmm seekitig to interpen&w.te horizon- 
tally i t $  [he diferetit l r ids  by  the adimi vf grcluitatioti. The second 
i s  /he &t that the inipwftvt cliittib-bell-sl~a~~ecl vortex which results 
frmi the preeetling proctw attenipts to l y t  its hmd into the rap'dly 
.tlowiti[/ eastiiwrd drvt  iiqhich k e e p  strippitig qfl the top layers and 
thiiu prerents the f i imat io t ,  ?f the aortex i l i  its ?iaturalproportions. 
This process has been fully described in the MONTHLY WIE~THER 
REVIEW, February, 1!)03, 31, fig. 28, where the scheme of the 
isobars and wind vectors is developed. I therefore interpret fig. 
19, above, to mean that it represents a convex clumb-bell-shaped 
vortes struggling to establish equilibrium between masses of 
different temperatures on the same levels, while the top lay- 
ers are continuously stript away in the eastward drift. The 
inward radial velocity which properly belongs to the lower 
sections of a perfect dumb-bell-shaped vortex continues to 
prevail as long as there is any tangential velocity surviving, 
because the loiwr half qf the cJii,tib-brll-sha~e(2 uortez is  in fact 
ntwr cnttipletetl ita thix cyclotiic circulation. It is really a name- 
less survival of this typical rortex, and is a succession of hydro- 
dynamic circulations more clue to mutual reactions of warm 
and cold streams on the same horizontal plane, than to any total 
vortex structure involving mutual dependencies thru great 
depths. It is a question whether these cyclonic airculations 
can ever be analyzed as a vortex structure of any given type, 
aB has always been assumed to be the case in the general dis- 
cussions which prevail in meteorological literature. Certainly 
there is )io prospwt (if st>ttlitig tliis p ~ O b k t ? i 1 i  until such accurate dis- 
c.iissirms qf the obsrrtwtiotis qf tetqjerahire, pressure, a d  wind 
wctors hecotiir acailahle in all the Irids as are giireji f o r  the surface 
i l i  j y .  IS qf tliiu paper. 

As a matter of fact it is exceedingly difficult to secure the 
correct values of the radial velocity 11 in the upper levels, as 
is abundantly testified by the work in the Cloud Report of 
1H96-97. I n  that place the motions of all sorts of cyclones, 
large and sniall, whether fully or incompletely developed, 
were united in one composite. Evidently for the study of this 
vortes problem in the upper levels only the strong cyclones 
should be used so that the data on the upper levels may be 
coiuparal>le with the data of fig. 18. In case the velocities of 
the Cloud Report, Table 136, adopted to extend the discussion 
above the surface, are not representatively correct the conclu- 
sions of this paper must be modified, but it is certain that no 
superficial treatment of the data of cyclones and anticyclones 
in the upper levels sufices to form the basis of our theoretical 
discussion. The cyclonic components zt2, t12, must be fully sepa- 
rated from the eastward drift i t , ,  ti1, in all the levels, and a 
continuous campaign of observations with nephoscopes and 
theodolites, extending over several years, seems to be demanded 
by this branch of meteorological science. 

DRY FARMING. 

The expression r c  dry farming * '  has come into prominence 
during the last three years, and the Third Trans-Missouri 
Dry-farming Congress," held at  Cheyenne, Wyo., February 
33-35, 1909, was the occasion of an enthusiastic presentation 
of the methods and the success attaching to this new departure. 
The term r' dry farming " itself may be considered as an abbre- 
viation of the expression r r  dryland farming." The general 
idea of the method consists in giving up the attempt to raise 
a crop every year continuously on a given piece of land, and 
attempting instead of that to so conserve and utilize the mois- 
ture that the land receives from rain and snow as to secure a 
crop once every two or three years. 

Few persons realize that the great success of the pioneers in 
a semiarid country depended upon their having the accumu- 
lated moisture stored up in the soil for many years upon which 
the first crops could feed. After a few years this accumula- 
tion is reduced below the ability of the annual precipitation 
to meet the demand made upon it, and either artificial irriga- 


